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2ULJLQDO��UWLFOH ,QGLDQ�-RXUQDO�RI�:DVWH�0DQDJHPHQW

9ROXPH���1XPEHU����-DQXDU����-XQH�����

��WKRU�V� �IILOLDWLRQ���VVRFLDWH�'LUHFWRU� RI� 5HVHDUFK��
'HSDUWPHQW�RI��JULFXOWXUH��=RQDO��JULFXOWXUH�5HVHDUFK�
&HQWUH��3XQH���������0DKDUDVKWUD��,QGLD�

&RUUHVSRQGLQJ� ��WKRU�� 5�� �� %DQVRG�� �VVRFLDWH�
'LUHFWRU� RI� 5HVHDUFK�� 'HSDUWPHQW� RI� �JULFXOWXUH��
=RQDO� �JULFXOWXUH� 5HVHDUFK� &HQWUH�� 3XQH� ��������
0DKDUDVKWUD��,QGLD�

(�PDLO��UWXOMDSXU����#JPDLO�FRP

5HFHLYHG�RQ������������

�FFHSWHG�RQ������������

�R��WR�FLWH�WKLV�DUWLFOH�

5��'�%DQVRG��8VH�RI�56�DQG�*,6�IRU�03.9�:DWHUVKHG�SODQQLQJ��,QG��-U��RI�:DVW��0DQDJ������������������

8VH�RI�56�DQG��,6�IRU�03.9�:DWHUVKHG�3ODQQLQJ

5����%DQVRG

������������

7KH� DGYHQW� RI� UHPRWH� VHQVLQJ� LPDJHV� IURP�
VDWHOOLWH� EDVHG� SODWIRUPV� KDV� SURYLGHG�

RSSRUWXQLWLHV� IRU� H[WUDFWLRQ� RI� XS�WR�GDWH�
LQIRUPDWLRQ�RQ�ODQG�XVH��VRLOV�RI�D�ZDWHUVKHG�DQG�
WKHQ�XVHG�WR�LGHQWLI�� ORFDWLRQV�IRU�VRLO�DQG�ZDWHU�
FRQVHUYDWLRQ� VWUXFWXUHV� ZLWKLQ� WKH� ZDWHUVKHG��

�EVWUDFW

7KH�6R,WRSRVKHHW� ��� ,��&DUWRVDW���'(0�DQG�/DQGVDW��� VDWHOOLWH� LPDJH�RI� WKH� DUHD�ZHUH�XVHG�
IRU�SODQQLQJ�RI�03.9�:HVW�ZDWHUVKHG��7KHPDWLF�PDSV�VXFK�DV�%DVH�PDS��6ORSH�PDS��6RLO�PDS��
/DQG�XVH���/DQG�FRYHU�PDS��'UDLQDJH�PDS�DQG�&DWFKPHQW�PDS�ZHUH�SUHSDUHG�,Q�WKH�GUDLQDJH�
QHWZRUN��KLJK�SULRULW��IRU�ODQG�WUHDWPHQWV�ZDV�IRXQG�WR��VW�DQG��QG�RUGHU�VWUHDPV�GXH�WR�VWHHSHU�
VORSHV� WKH� UXQRII� JHQHUDWLRQ�ZRXOG�KDYH�EHHQ� LQFUHDVHG� DQG� IRU�ZDWHU� VWRUDJH�VWUXFWXUHV�KLJK�
priority�was� found� to� 3rd� and� 4th� order� streams� because� of� gentle� and� nearly� �at� slope.� One�
IDUP� SRQG� LQ� FDWFKPHQW��� WZHOYH� QDODEXQGV� DUH� SURSRVHG� XQGHU� GUDLQDJH� OLQH� WUHDWPHQW� LQ�
entire�west�part.�Twenty�Four�loose�boulder�structures,�especially�in�upper�reaches�of��rst�order�
VWUHDPV�� DUH� VXJJHVWHG��8QGHU� WKH� DUHD� WUHDWPHQW� FRQWLQXRXV� FRQWRXU� WUHQFKHV�ZLWK�SODQWDWLRQ�
�&&7�GHHS�&&7���3ODQWDWLRQ��LQ�����KD�DUHD�DUH�SURSRVHG�LQ�FDWFKPHQW���WR�)��3ODQWDWLRQ�RQ����
ha�have�been�proposed�in�catchment-A�and�densi�cation�of�plantation�is�proposed�on�222�ha�area�
LQ�FDWFKPHQW���

.H��RUGV��5HPRWH�VHQVLQJ��*HRJUDSKLF�LQIRUPDWLRQ�V�VWHP��:DWHUVKHG�

'HULYLQJ� WKH� VSDWLDO� LQIRUPDWLRQ� RQ� LQSXW�
SDUDPHWHUV� KDV� EHFRPH� PRUH� KDQG�� DQG� FRVW�
HIIHFWLYH�� 7KH� FRQYHQWLRQDO� PHWKRGV� SURYHG� WR�
EH� WRR�FRVWO��DQG� WLPH�FRQVXPLQJ�IRU�JHQHUDWLQJ�
WKLV�LQSXW�GDWD��:LWK�WKH�DGYHQW�RI�UHPRWH�VHQVLQJ�
WHFKQRORJ��� EHVLGHV� ZLWK� WKH� SRZHUIXO� VSDWLDO�
SURFHVVLQJ�FDSDELOLWLHV�RI�*,6�DQG�LWV�FRPSDWLELOLW��
ZLWK�UHPRWH�VHQVLQJ�GDWD��WKH�ZDWHUVKHG�SODQQLQJ�
DSSURDFKHV� KDYH� EHFRPH� PRUH� FRPSUHKHQVLYH�
DQG�UREXVW��5HPRWH�VHQVLQJ�FDQ�IDFLOLWDWH�VWXG�LQJ�
WKH� IDFWRUV� HQKDQFLQJ� WKH� SURFHVV�� VXFK� DV� VRLO�
W�SH��VORSH�JUDGLHQW��GUDLQDJH��DQG�ODQG�FRYHU�

6WXG��DUHD�ZDV�ORFDWHG�LQ��KPHGQDJDU�GLVWULFW��
LW� LV� ORFDWHG� LQ��KPHGQDJDU� GLVWULFW�� VLWXDWHG�RQ�
WKH��KPHGQDJDU�0DQPDG�KLJKZD������NP�DZD��
IURP� WKH� GLVWULFW� SODFH�� 7KH� VWXG�� DUHD� RI� WKLV�
UHVHDUFK�ZDV�0DKDWPD�3KXOH�.UXVKL�9LG�DSHHWK�
�03.9��&HQWUDO�&DPSXV��5DKXUL�LQ��KPHGQDJDU�
GLVWULFW�� 0DKDUDVKWUD� VWDWH�� 7KH� DUHD� ����� KD� LV�
ORFDWHG�EHWZHHQ���R�����WR���R�����1RUWK�/DWLWXGH�
DQG���������WR���������(DVW�ORQJLWXGH�
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%DVLF�GDWD�SURGXFWV�XVHG�IRU�WKH�VWXG�

�DWD�FROOHFWLRQ� 6R�UFH�RI�GDWD�

&DGDVWUDO�0DS� 8QLYHUVLW��(QJLQHHU�2IILFH��03.9�5DKXUL

7RSRVKHHWV����,� 6XUYH��RI�,QGLD�

'LJLWDO�(OHYDWLRQ�0RGHO��'(0�� %KXYDQ�ZHEVLWH���156&��+�GHUDEDG����KWWS���EKXYDQ�QUVF�JRY�LQ�

5HPRWH�VHQVLQJ�LPDJH �/�1'6�7���VDWHOOLWH��KWWS���ZZZ�HVSD�FU�XVJV�RUJ�

6RLO�PDS�
*URXQG�&RRUGLQDWH�GDWD�2EWDLQHG�IURP�GHSW��RI�6RLO�6FLHQFH�DQG��JULFXOWXUDO�&KHPLVWU���
03.9�5DKXUL

�RIW���H�

� �UF�,6�����

�UF*,6� VRIWZDUH� GHYHORSHG� E�� (QYLURQPHQWDO�
6�VWHPV� 5HVHDUFK� ,QVWLWXWH� �(65,�� LV� JUDSKLF�
LQWHUSKDVH� VRIWZDUH� HDV�� WR� KDQGOH� DQG� RSHUDWH��
,W� FRQWDLQV� �UF� 7RROER[�� FROOHFWLRQ� RI� WRROV� DQG�
IXQFWLRQ� IRU� RSHUDWLRQV� LQ� �UF&DWDORJ�� �UF*,6�
LPSURYHV�TXDOLW���DGGV�LPSRUWDQW�QHZ�FDSDELOLWLHV�
DQG�LQFOXGHV�GRFXPHQWDWLRQ�LPSURYHPHQWV��

� (5��6�,PDJLQH�Y����

(5'�6� ,PDJLQH� LPDJH� SURFHVVLQJ� VRIWZDUH�
LV� XVHG� IRU� WKH� DQDO�VLV� DQG� LQWHUSUHWDWLRQ� RI�
PXOWL�VSHFWUDO� GLJLWDO� VDWHOOLWH� LPDJHV�� ,W� ZDV�
XVHG� IRU� DFFXUDF�� DVVHVVPHQW� IRU� VXSHUYLVHG� DQG�
unsupervised�classi�cation

�H�H��W�R��RI�W�HP�W�F�P�S�

� %DVH�PDS

��PDS�UHSUHVHQWLQJ�WKH�RXWOLQH�VWUXFWXUH�RI�WKH�
VWXG�� DUHD� LV�NQRZQ�DV� D�EDVH�PDS�� ,W� LV� VNHOHWRQ�
VWUXFWXUH�RI�DQ�DUHD�DQG�UHSUHVHQWV�WKH�VKDSH��VL]H��
SRVLWLRQ� DQG� UHODWLRQ� RI� WKH� SK�VLFDO� IHDWXUHV� RI�
DQ� DUHD�� 7KH� EDVH�PDS� LV� SUHSDUHG� XVLQJ� 6XUYH��
RI� ,QGLD� WRSRVKHHW� RI� ��������� VFDOH�� 7RSRVKHHW�
was� georeferenced� and� recti�ed� using� ArcGIS�
����� VRIWZDUH�� %DVH� PDS� FRQVLVWV� RI� YDULRXV�
IHDWXUHV� OLNH� URDG� QHWZRUN�� VHWWOHPHQWV�� ZDWHU�
ERGLHV�� DQG� UDLOZD�� OLQH� QHWZRUN� H����� GHOLQHDWHG�
IURP� WKH� WRSRVKHHW�� 7KH� LQIRUPDWLRQ� FRQWHQW� RI�
base�map�is�used�as�a�baseline�data�to��nalize�the�
SK�VLFDO� IHDWXUHV� RI� RWKHU� WKHPDWLF� PDSV�� 6LQFH�
WKH� WRSRVKHHWV�ZHUH� YHU��ROG� DOO� WKH� IHDWXUHV� OLNH�
URDGV��UDLOZD�V��VHWWOHPHQWV�H�����DUH�XSGDWHG�ZLWK�
the�help�of�recti�ed�and�scaled�satellite�imageries�of�
WKH�VWXG��DUHD�DQG�JURXQG�WUXWK�GDWD�

� ��LJLWDO�(OHYDWLRQ�0RGHO���(0�

'(0� LV� DQ� LPSRUWDQW� SDUDPHWHU� LQ� UHVRXUFH�
PDQDJHPHQW� DSSOLFDWLRQV�� ,W� LV� D� UDVWHU� *,6� OD�HU�

5��'�%DQVRG��8VH�RI�56�DQG�*,6�IRU�03.9�:DWHUVKHG�SODQQLQJ

UHSUHVHQWLQJ� WKH� DUHD� DV� D� UHJXODU� DUUDQJHPHQW�
RI� ORFDWLRQV� �URZV� DQG� FROXPQV�� ZLWK� D� YDOXH� LQ�
HDFK� FHOO� FRUUHVSRQGLQJ� WR� LWV� HOHYDWLRQ� �.XPDU��
������� 7KH� GLJLWDO� HOHYDWLRQ� PRGHO� GRZQORDGHG�
IURP� ZHEVLWH� EK�YD���UV��JRY�L��� 8VLQJ� ERXQGDU��
RI� VWXG�� DUHD�'(0�ZDV� FOLSSHG� XVLQJ� ([WUDFWLRQ�
E��PDVN�IXQFWLRQ�LQ�6SDWLDO��QDO�VW�WRRO�LQ��UF*,6�
������([WUDFWHG�'(0�WKHQ�VXEMHFWHG�WR�)LOOV�VLQNV�LQ�
D�VXUIDFH�UDVWHU�IXQFWLRQ�RI�6SDWLDO��QDO�VW�WRRO�WR�
UHPRYH�VPDOO�LPSHUIHFWLRQV�LQ�WKH�GDWD�

� �UDLQDJH�PDS

'UDLQDJH�PDS�SUHSDUHG� IURP�'LJLWDO� (OHYDWLRQ�
0RGHO�� ,Q� �UF*,6� HQYLURQPHQW�� �IWHU� SUHSDULQJ�
WKH� GUDLQDJH� QHWZRUN� PDS� WKLV� PDS� LV� XSGDWHG�
XVLQJ� 6R,7RSRVKHHW� WR� NQRZ� WKH� FKDQJHV� LQ� WKH�
VWXG��DUHD��'UDLQDJH�PDS�LQFOXGHV�DOO�WKH�VWUHDPV��
WULEXWDULHV�DQG�VPDOO� VWUHDP�FKDQQHOV�DQG�GHSLFWV�
�ow� pattern� of� drainage� lines� in� the� study� area.�
7KHOHQJWKV�DQG�QXPEHUV�RI�DOO�VWUHDP�RUGHUV�ZHUH�
REWDLQHG� IURP�GUDLQDJH�PDS�SUHSDUHG� LQ��UF*,6�
�����VRIWZDUH�XVLQJ�6SDWLDO��QDO�VW�WRRO�

� 6ORSH�PDS

6ORSH�LV�WKH�PRVW�LPSRUWDQW�WHUUDLQ�FKDUDFWHULVWLFV�
SOD�V�D�YLWDO�UROH�LQ�PRUSKRORJ���UXQRII�SURFHVVHV��
soil�erosion,� in�ltration�and� land�use/� land�cover�
�*DMEKL�H� DQG� H�� DO� ������� ,W� LV� YHU�� LPSRUWDQW�
IRU� XQGHUVWDQGLQJ� WKH� VSDWLDO� GLVWULEXWLRQ��
GHYHORSPHQW� DQG�PDQDJHPHQW� RI� ERWK� ODQG� DQG�
ZDWHU�UHVRXUFHV�DQG�PDMRU�FRQWUROOLQJ�IDFWRU�LQ�WKH�
GHYHORSPHQW�DQG�IRUPDWLRQ�RI�GLIIHUHQW�ODQGIRUPV��
7KH�VORSH�PDS�ZDV�SUHSDUHG�IRU�WKH�VWXG��DUHD�IURP�
the�DEM.�The�slope�map�was�classi�ed�into�seven�
FODVVHV�DFFRUGLQJ�WR� ,06'�JXLGHOLQHV�DV�VKRZQ� LQ�
WDEOH�EHORZ��7KH�VORSH�DVVLJQPHQW�FRUUHVSRQGV� WR�
WKH�PD[LPXP� FKDQJH� LQ� HOHYDWLRQ� EHWZHHQ� D� FHOO�
DQG� LWV�HLJKW�QHLJKERXUV� L�H�� WKH�VWHHSHVW�GRZQKLOO�
JUDGLHQW�IRU�D�JULG�FHOO�RQ�D�UDVWHU�VXUIDFH��7KH�VORSH�
LV� H[SUHVVHG� LQ�SHUFHQWDJH�� ,I� DQ�� QHLJKERXUKRRG�
FHOOV�DUH�QR�GDWD��WKH��DUH�DVVLJQHG�WKH�YDOXH�RI�WKH�
FHQWUH�FHOO�DQG�VORSH�LV�FRPSXWHG�
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6ORSH���� 6ORSH�FODVV

��� 1HDUO��OHYHO

��� 9HU��JHQWO��VORSLQJ

��� JHQWO��VORSLQJ

���� 0RGHUDWHO��VORSLQJ

����� 6WHHS

������� 9HU��VWHHS

!��� ([WUHPHO��VWHHS

� 6RLO�PDS

7RSRJUDSKLF� GDWD� ZDV� WDNHQ� DQG� LW� LV�

VXSHULPSRVHG�RQ�WKH�VDWHOOLWH�GDWD��)XUWKHU� LPDJH�
FKDUDFWHULVWLFV�QDPHO��WH[WXUH��WRQH��SDWWHUQ��VKDSH�
DQG�DVVRFLDWLRQ�ZHUH�SUHSDUHG�LQ�RUGHU�WR�FRPSDUH�
ZLWK�WKH�VRLO�GLVWULEXWLRQ��7KH�VRLO�WH[WXUH�PDS�ZDV�
JHQHUDWHG�E��FDUU�LQJ�RXW�VRLO�DQDO�VLV�RI�FROOHFWHG�
VDPSOHV� IURP�WKH�ZDWHUVKHG�DUHD�E�� ,QWHUQDWLRQDO�
SLSHWWH�PHWKRG�XVLQJ�VRGLXP�KH[DPHWDSKRVSKDWH�
DV�D�GLVSHUVLQJ�DJHQW�DV�GHVFULEHG�E��3LSHU��������

6RLO�VDPSOH�GDWD�ZDV�REWDLQHG�IURP�GHSDUWPHQW�
RI�6RLO�6FLHQFH�DQG��JULFXOWXUDO�&KHPLVWU���03.9�
5DKXUL��'DWD�ZDV�LQWHUSRODWHG�XVLQJ�,':�IXQFWLRQ�
LQ�6SDWLDO��QDO�VW�WRRO�XVLQJ��UF*,6�����

� /DQG��VH��ODQG�FRYHU�PDS

/DQG� 8VH� �/8�� DQG� /DQG� &RYHU� �/&�� WKHVH�
DUH� WKH�GLIIHUHQW� WKLQJV� L�H��� /DQG�XVH�PHDQV�KRZ�
WKH� ODQG� LV� XVHG� DQG� ODQG� FRYHU� LQGLFDWHV� ZKDW�
FRYHUV�VXUIDFH� LV�RQ� WKH�HDUWK��/DQG�XVH� DQG� ODQG�
FRYHU� FKDQJH� GHWHFWLRQ� LV� LPSRUWDQW� SURFHVV� IRU�
PRQLWRULQJ� DQG� PDQDJLQJ� QDWXUDO� UHVRXUFHV� LQ�
XUEDQ� DUHDV� GHYHORSPHQW�� /DQG� FRYHU� LQFOXGHV�
QDWXUDO�YHJHWDWLRQ��ZDWHU�ERGLHV�� URFN�� VRLO�� IRUHVW�
DQG�ZDVWH� ODQG�� /DQG�XVH� ODQG�FRYHU�PDS� VKRZV�
WKH� GLVWULEXWLRQ� RI� ZDWHUVKHG� DUHD� XQGHU� YDULRXV�
ODQG�XVH�FDWHJRULHV��3URYLVLRQ�RI�VXFK�PDSV�KHOSV�
ZDWHUVKHG� SODQQHUV� LQ� HIIHFWLYH� DQG� EHVW� SRVVLEOH�
XWLOL]DWLRQ� RI� LWV� UHVRXUFHV� EHVLGHV� SURYLGLQJ� D�
FRPSUHKHQVLYH�YLHZ�RI�WKH�WRWDO�DUHD�SODQQLQJ�DQG�
PDQDJHPHQW�RI�QDWXUDO�UHVRXUFHV�

��RSR�������WH�� FR��H���W�R�� �W��FW��H�� E��HG�
R��S��R��W�

3URSRVLQJ�GLIIHUHQW�ZDWHU�FRQVHUYDWLRQ�VWUXFWXUHV�

SOD�V� D� YHU�� FUXFLDO� UROH�� ZKLFK� UHTXLUHV� D� ZHOO�
quali�ed� and� well-experienced� work� force� with�
WKRURXJK�NQRZOHGJH�LQ�YDULRXV�ZDWHU�FRQVHUYDWLRQ�
SURJUDPPHV��)RU�WKLV�SXUSRVH�WKHPDWLF�OD�HUV�OLNH�
slope,��ow�direction�and��ow�accumulation�output�
UDVWHU� PDSV� DORQJ�ZLWK� GUDLQDJH�� VRLO�� ODQG� XVH��
ODQG�FRYHU�DQG�PRUSKRORJLFDO�FKDUDFWHULVWLFV�ZHUH�
used.� Weightages� were� given� to� signi�cant� units�
�RQ�SULRULW��EDVLV��LQ�YDULRXV� WKHPDWLF�OD�HUV�VXFK�
DV�PRUSKRORJ���VORSH��GUDLQDJH��VRLOV�DQG�ODQG�XVH��
land�cover�in�raster�form�in�order�to��x�locations�for�
VXJJHVWLQJ�DSSURSULDWH�UHFKDUJH�VWUXFWXUHV�

� ([LVWLQJ� ODQG� WUHDWPHQW�PDS� DQG� H[LVWLQJ� VRLO�
DQG� ZDWHU� FRQVHUYDWLRQ� VWUXFWXUHV� PDS� ZHUH�
SUHSDUHG� E�� FROOHFWLQJ� *36� FRRUGLQDWHV� RI� VLWHV�
DQG� SORWWHG� LQ� �UF*,6� ������ 7KHVH� WKHPHV� ZHUH�
FDOFXODWHG�XVLQJ�UDVWHU�FDOFXODWRU�LQ�VSDWLDO�DQDO�VW�
RI��UF*,6� ����� EDVHG�RQ� WKH�ZHLJKWDJHV�GHFLGHG��
7KH�IRUPXOD�IRU�WKLV�UDVWHU�FDOFXODWLRQ�LV�DV�IROORZV��
>�ODQG� XVH�� ODQG� � FRYHU�����@� �� >�VRLOV�����@� ��
>�VORSH�����@� �� >�GUDLQDJH�����@�� �� GUDLQDJH� UDVWHU�
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LQGLFDWLQJ� KLJK� DQG� ORZ� SULRULW�� ORFDWLRQV� ZDV�
JHQHUDWHG�E��HYDOXDWLQJ�WKLV�HTXDWLRQ��%DVHG�RQ�WKLV�
ORFDWLRQ�SULRULW��UDVWHU��YDULRXV�ZDWHU�FRQVHUYDWLRQ�
VWUXFWXUHV�ZHUH�SURSRVHG�LQ�SULRULW��DUHD�

�������

� %DVH�PDS�

7KH�EDVH�PDS�LV�UHSUHVHQWHG�E��YLOODJHV��URDGV��
VWUHHWV�� FDQDO�� 3ODFHV�� HWF�� 7KH� EDVH� PDS� ZDV�
SUHSDUHG� XVLQJ� 6R,WRSRVKHHW� DQG� JURXQG� WUXWK�
GDWD�LQ��UF*,6�����VRIWZDUH�

� �LJLWDO�(OHYDWLRQ�0RGHO���(0�

7KH� GLJLWDO� HOHYDWLRQ� PRGHO� GRZQORDGHG�
IURP� ZHEVLWH� EK�YD���UV��JRY�L��� 7KH� '(0� ZDV�
reclassi�ed� into� two� classes� namely� high� (570�m)�
DQG�ORZ������P��DQG�XVHG�WR�SUHFLVHO��GHOLQHDWH�WKH�
SK�VLRJUDSKLF�IHDWXUHV�

� 6ORSH�PDS

/DQG��VH�W�SH �UHD���D �UHD���

:DWHUERG� ����� ����

�JULFXOWXUH ������ �����

%DUUHQ ������� �����

)DOORZ ����� ����

+DELWDWLRQ ����� ����

7RWDO ���� ���

7KH�VORSH�PDS�ZDV�GHULYHG�XVLQJ� WKH�'(0�IRU�
the� study�area.�The�slope�map�was� classi�ed� into�
VL[� FODVVHV� DFFRUGLQJ� WR� ,06'� JXLGHOLQHV�� �ERXW�
�������RI� WKH� WRWDO� VWXG��DUHD� IHOO� LQWR�VORSH�FODVV�
�� ��� ����ZKLOH��������RI� WKH�VWXG�� DUHD�KDYLQJ�D�
VORSH�FODVV���IHOO� LQ�WKH�UDQJH�RI���������,Q�VLPLODU�
ZD�� VORSH� FODVV��� �������� FODVV��� ��������� FODVV���
���������DQG�FODVV����������������ZHUH�FRYHUHG�DQ�
DUHD�DERXW�����������������������DQG�������

&ODVVHV���6ORSH �UHD���D �UHD���

��� ������ �����

��� ������ �����

��� ������ �����

���� ������ �����

����� ������ ����

�������� ����� ����

7RWDO ���� ���

� �UDLQDJH�PDS

'UDLQDJH� PDS� ZDV� SUHSDUHG� E�� XVLQJ� 'LJLWDO�
(OHYDWLRQ� 0RGHO� RI� VWXG�� DUHD�� 7KH� GUDLQDJH�

SDWWHUQ�REVHUYHG�LQ�WKH�VWXG��DUHD�LV�GH�GUL�L���7KH�
KLJKHVW�VWUHDP�RUGHU�LV��UG�RUGHU��7KH�WRWDO�OHQJWK�RI�
VWUHDPV�GUDLQLQJ� WR�UHVSHFWLYH�RXWOHW�SRLQWV�RI�WKH�
FDWFKPHQWV�ZDV�IRXQG�RXW�XVLQJ��UF*,6�VRIWZDUH��
7KH�)LJ�GHSLFWV�GUDLQDJH�PDS�RI�WKH�03.9�FHQWUDO�
FDPSXV� �ZHVW�� DQG� FDWFKPHQWV� RI� 03.9� FHQWUDO�
FDPSXV��ZHVW��

� 6RLO�PDS

7H�W�UDO�FODVVHV �UHD���D �UHD���

&OD� ��� �����

6LOW��FOD� ��� �����

&OD��ORDP ��� �����

7RWDO ���� ���

6RLO� PDS� JHQHUDWHG� E�� ,':� ,QWHUSRODWLRQ�
WHFKQLTXH� LQ��UF*,6� �����(QYLURQPHQW�� 6RLO� W�SH�
GDWD�ZDV��YDLODEOH�DW�'HSDUWPHQW�RI��JULFXOWXUDO�
&KHPLVWU��� 03.9� 5DKXUL� �1DJDZDGH�� ������ LQ�
WKH�VWXG��DUHD�PDLQO��WKUHH�WH[WXUDO�FODVVHV�ZHUH�
IRXQG� RXW� DQG� UHSUHVHQWHG� LQ� 7DEOH� EHORZ�� )LJ�
UHSUHVHQWV� VRLO�PDS�RI� WKH� VWXG�� DUHD�� 7KH�RWKHU�
FKDUDFWHULVWLF�IHDWXUHV�RI�WKH�VRLO�DUH�FOD��ORDP�DQG�
FOD��ZHUH�REVHUYHG� LQ� WKH�03.9�FHQWUDO�FDPSXV�
�ZHVW��

� /DQG��VH��ODQG�FRYHU�PDS�

/DQG� XVH�ODQG� FRYHU� PDS� IRU� 03.9� FHQWUDO�
FDPSXV� �ZHVW�� ZDV� XVHG� WR� UHSUHVHQW� WKH�
classi�cation� of� land� in� various� categories� viz.�
�JULFXOWXUH��ZDWHU�ERGLHV��%DUUHQ��)DOORZ�ODQG�DQG�
+DELWDWLRQ��ZKLFK�LV�JLYHQ�LQ�WDEOH�EHORZ�/DQG�XVH�
ODQG� FRYHU�PDS� RI�03.9�&HQWUDO� FDPSXV� �ZHVW��
ZDV�SUHSDUHG�XVLQJ�/DQGVDW���LPDJHU��DQG��UF*,6�
�����

�FF���F�����H��PH�W

7KH� DFFXUDF�� DVVHVVPHQW� ZDV� FDUULHG� RXW� IRU�
both� unsupervised� and� supervised� classi�cation.�
7DEOH� JLYHQ� EHOORZ� VKRZV� UHVXOW� RI� (UURU� PDWUL[�
for� unsupervised� classi�cation.� Error� matrix� was�
IRUPHG�LQ�(5'�6�,PDJLQH�Y����VRIWZDUH��)ROORZLQJ�
WDEOHV� VKRZV� HUURU� PDWUL[� IRU� XQVXSHUYLVHG� DQG�
supervised�classi�cation�respectively.�Sample�of�200�
SL[HOV�ZHUH�VHOHFWHG��JURXQG�WUXWK�GDWD�IRU�VHOHFWHG�
VDPSOH�ZDV� DOVR� FROOHFWHG�� 8VHU�V� DQG� SURGXFHU�V�
DFFXUDF��ZHUH�GHWHUPLQHG��7KH�RYHUDOO�DFFXUDF��LV�
a�measure�of�how�well� the�classi�ed�pixels�match�
the�ground�truth�data�while�the�Kappa�coef�cient�
measures� how� well� the� classi�cation� in� question�
ZRXOG�FRPSDUH�WR�D�FKDQFH�DUUDQJHPHQW�RI�SL[HOV�
WR�HDFK�ODQG�FRYHU�FODVV�

5��'�%DQVRG��8VH�RI�56�DQG�*,6�IRU�03.9�:DWHUVKHG�SODQQLQJ
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(UURU�PDWUL��IRU�V�SHUYLVHG�FODVVLILFDWLRQ�RI�VW�G��DUHD

/DQG��VH��/DQG�FRYHU :DWHU�ERG� �DELWDWLRQ �JULF�OW�UDO )DOOR��ODQG %DUUHQ�ODQG 7RWDO

:DWHU�ERG� � � � � � �

+DELWDWLRQ � � � � � �

�JULFXOWXUDO � � �� � � ��

)DOORZ�ODQG � � � � � �

%DUUHQ�ODQG � � � � ��� ���

7RWDO � � �� �� ��� ���

3URGXFHUV ��� �� ����� �� �����

2YHUDOO�DFFXUDF�� ��������.DSSD�FRHIILFLHQW� �����

5HVXOW� VKRZV� WKDW� PRUH� DFFXUDF�� ZDV� IRXQG�
supervised� classi�cation� with� Overall� accuracy�
=�0.77�and�Kappa�coef�cient�=�0.57�as�compare�to�
unsupervised� classi�cation�with�Overall� accuracy�
=� 0.92� and� Kappa� coef�cient� =� 0.84.� Therefore�

(UURU�PDWUL��IRU��QV�SHUYLVHG�FODVVLILFDWLRQ�RI�VW�G��DUHD

/DQG��VH���/DQG�FRYHU :DWHU�ERG� �DELWDWLRQ �JULF�OW�UDO )DOOR��ODQG %DUUHQ�ODQG 7RWDO

:DWHU�ERG� � � � � � �

+DELWDWLRQ� � � � � � �

�JULFXOWXUDO � � �� � � ��

)DOORZ�ODQG � � � � � �

%DUUHQ�ODQG � � �� �� ��� ���

7RWDO � � �� �� ��� ���

3URGXFHUV ����� ����� ����� ����� �����

2YHUDOO�DFFXUDF�� ��������.DSSD�FRHIILFLHQW� �����

supervised� classi�cation� used� for� land� use� land�
FRYHU�� � 3HUFHQW� DUHD� LQ� /8�/&� JLYHV� LGHD� DERXW�
EDUUHQ�DUHD�ZKLFK�ODUJHVW�SRUWLRQ�RI�03.9�FHQWUDO�
FDPSXV� �ZHVW�� KHQFH� VRLO� FRQVHUYDWLRQ� PHDVXUHV�
FDQ�EH�DSSOLHG�RQ�ODUJH�VFDOH��

���R��W��E��HG�R���ORSH���G�O��G���H�O��G�FR�H��
���O�����������ON��������

6ORSH� FDWHJRULHV� QHDUO�� OHYHO�� YHU�� JHQWO��
VORSLQJ��JHQWO��VORSLQJ��PRGHUDWHO��VORSLQJ�� VWHHS�
DQG�YHU��VWHHS�ZHUH�DVVLJQHG�ZHLJKWDJH�IURP���WR�

�� UHVSHFWLYHO��� &RPPRQ� ODQG� XVH� FDWHJRULHV� L�H���
ZDWHU� ERG��� KDELWDWLRQ�� DJULFXOWXUDO� ODQG�� EDUUHQ�
ODQG�DQG�IDOORZ�ODQG�LQ�DOO�WKH�VL[�FDWFKPHQWV�ZHUH�
FRQVLGHUHG� IRU� SULRULWL]DWLRQ��:HLJKWDJH� DVVLJQHG�
WR�FODVVHV�DV�VKRZQ�LQ�7DEOH�EHOORZ

:HLJKWDJH�DVVLJQHG�IRU�ODQG��VH�FODVVHV�DQG�VORSH�FODVVHV

6ORSH�&ODVV /8�/&�&ODVV :HLJKWDJH 3ULRULW� �UHD��KD

��� :DWHUERG� � �WK �����

��� +DELWDWLRQ � �WK ������

��� �JULFXOWXUH � �UG ������

���� )DOORZ � �QG ������

������ %DUUHQ � �VW �����

(���W����O��G�W�H�WPH�W�

'XULQJ� UHVHDUFK� RQ� VWXG�� DUHD� LW� ZDV� IRXQG�
WKDW� VRPH� ODQG� WUHDWPHQWV� ZHUH� DOUHDG�� H[LVW��
&RQWLQXRXV� &RQWRXU� 7UHQFKHV� �&&7�� DQG� &&7�

ZLWK� SODQWDWLRQ� ZHUH� IRXQG� LQ� JRRG� ZRUNLQJ�
FRQGLWLRQ�� *URXQG� WUXWK� GDWD� ZDV� FROOHFWHG� RI�
VWXG�� DUHD� FRYHUHG� E�� WKHVH� WUHDWPHQWV� ZDV�
FROOHFWHG� DQG� XVLQJ� �UF*,6� ����� H[LVWLQJ� ODQG�
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��

WUHDWPHQWV� PDS� ZDV� SUHSDUHG�� PDS� GHSLFWV�
H[LVWLQJ� DQG� WUHDWPHQWV� PDS� IRU� 03.9� FHQWUDO�
FDPSXV� HDVW� UHJLRQ�� �UHD� XQGHU� RQO�� &&7�� DQG�

&&7�ZLWK�SODQWDWLRQ�ODQG�WUHDWPHQW�ZDV�IRXQG����
KD�DQG�����KD�UHVSHFWLYHO��

5��'�%DQVRG��8VH�RI�56�DQG�*,6�IRU�03.9�:DWHUVKHG�SODQQLQJ
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(���W�����R�O���G���WH��FR��H���W�R���W��FW��H��
P�S

,Q�VWXG��DUHD�VRPH�VRLO�DQG�ZDWHU�FRQVHUYDWLRQ�
VWUXFWXUHV� ZHUH� IRXQG�� ([LVWLQJ� VRLO� DQG� ZDWHU�
FRQVHUYDWLRQ� VWUXFWXUHV� LQ� SULRULW�� DUHD� ZHUH�
identi�ed� and� GPS� locations� of� all� structures�

ZHUH� FROOHFWHG� 7KHVH� ORFDWLRQV� ZHUH� LPSRUWHG�
LQ��UF*,6� ����� VRIWZDUH� WR�JHQHUDWH� H[LVWLQJ� VRLO�
DQG�ZDWHU� FRQVHUYDWLRQ� VWUXFWXUH�PDS� RI�03.9�
FHQWUDO� FDPSXV�ZHVW� SDUW��0DS� � GHSLFWV� H[LVWLQJ�
VWUXFWXUHV�PDS�VKRZLQJ�QDOD�EXQGV�WKLUW��WZR�LQ�
QXPEHUV��WHQ�VWRUDJH�WDQNV�DQG�WZR�IDUP�SRQGV�LQ�
WKH�VWXG��DUHD��
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��RSR�HG��R�O���G���WH��FR��H���W�R��SO��

7KH� UDVWHU� WKHPDWLF� PDSV� OLNH� GUDLQDJH�� VORSH�
DQG� ODQG� XVH�� ODQG� FRYHU� ZHUH� FRQVLGHUHG� IRU�
WKH� SULRULWL]DWLRQ�� LQ� WKH� GUDLQDJH� QHWZRUN� +LJK�
SULRULW��IRU�ODQG�WUHDWPHQWV�ZDV�IRXQG�WR��VW�DQG��QG�
RUGHU�VWUHDPV�EHFDXVH�RI�VWHHSHU�VORSHV��WKH�UXQRII�
JHQHUDWLRQ� ZLOO� EH� PRUH� DQG� IRU� ZDWHU� VWRUDJH�
VWUXFWXUHV� KLJK� SULRULW�� ZDV� IRXQG� WR� �UG� DQG� �WK�
RUGHU� VWUHDPV�EHFDXVH�RI� JHQWOH� VORSH� DQG�QHDUO��
�at� slope.� In� case� of� slope�of� the�watershed,�high�
SULRULW��ZDV�IRXQG�PRUH�WKDQ�����VORSH��:KHUHDV��
ORZ� SULRULW��ZHUH� FRQVLGHUHG� IRU� WKH� VORSH� UDQJH�
�� WR� �� ��� /DVWO�� IRU� ODQG� XVH�� ODQG� FRYHU�� KLJK�
SULRULW��ZDV� IRXQG� WR� 6FUXE�)DOORZ� ODQG� EHFDXVH�
RI� QR� YHJHWDWLRQ� DQG� PRVW� RI� WKH� VRLOV� DUH� VLOW��
FOD��FRQWHQW�VR�UXQRII�LQ�WKHVH�DUHDV�DUH�PRUH�DQG�
ORZ�SULRULW��ZDV�IRXQG�WR�ZDWHU�ERG���KDELWDWLRQ��
DJULFXOWXUH� DQG�SODQWDWLRQ�� ,W� REVWUXFWV� WKH� UXQRII�
water�to��ow�as�runoff�and�make�it�to�in�ltrate�in�
WR�WKH�VRLO��

.HHSLQJ� LQ� YLHZ� DOO� DERYH� SRLQWV�� FRQVLGHULQJ�
HVVHQWLDO� IDFWRUV� RI� KLJK� SULRULW�� DUHD� GLIIHUHQW�
VRLO� DQG� ZDWHU� FRQVHUYDWLRQ� VWUXFWXUHV� DQG� ODQG�
WUHDWPHQWV� VXJJHVWHG�� � 8VLQJ� UDVWHU� FDOFXODWRU�
PHQWLRQHG� LQ� PHWKRGRORJ�� GLIIHUHQW� VRLO� DQG�
ZDWHU� FRQVHUYDWLRQ� VWUXFWXUHV� ZHUH� VXJJHVWHG�
IRU� VWXG�� DUHD�� PDS� GHSLFWV� SURSRVHG� ODQG� XVH�
WUHDWPHQWV� LQ� VWXG�� DUHD� &&7�GHHS� &&7� ZLWK�
SODQWDWLRQ�� SODQWDWLRQ� RQ� DOUHDG�� H[LVWLQJ� &&7�

deep� CCT� and� densi�cation� or� improvement� of�
H[LVWLQJ� SODQWDWLRQ� DUH� SURSRVHG�� PDS� GHSLFWV�
SURSRVHG� ODQG� WUHDWPHQWV� ZKLFK� JLYHV� WUHDWPHQW�
UHJLRQV�VKRZLQJ�SURSRVHG�SODQWDWLRQ�RQ����KD�DUHD��
SURSRVHG�&&7�GHHS�&&7�ZLWK�SODQWDWLRQ� RQ�����
ha�area�and�proposed�forest�densi�cation�on�222ha�
DUHD�� 'HSLFWV� VRLO� FRQVHUYDWLRQ� DQG�ZDWHU� VWRUDJH�
VWUXFWXUHV�OLNH�ORRVH�ERXOGHU�VWUXFWXUHV��QDOD�EXQGV�
DQG�IDUP�SRQGV������7ZHQW��)RXU��ORRVH�ERXOGHUV��
����7ZHOYH��QDOD�EXQGV��DQG����RQH��IDUP�SRQG�VLWH�
DUH�VXJJHVWHG�LQ�WKH�KLJK�SULRULW��UHJLRQ�

����������

��� *DMEKL�H�� 6�� ������ (VWLPDWLRQ� RI� 6XUIDFH� 5XQRII�
8VLQJ� 5HPRWH� 6HQVLQJ� DQG� *HRJUDSKLFDO�
,QIRUPDWLRQ� 6�VWHP�� ,QWHUQDWLRQDO� -RXUQDO�
RI� X�� DQG� H�6HUYLFH�� 6FLHQFH� DQG� 7HFKQRORJ��
9RO��������������

��� 1DJDZDGH��6�*����������3���,��EDVHG�VRLO�IHU�LOL���PDS�
RI� �H��UDO� IDUP� RI��3.���5DK�UL� ������XQSXEOLVKHG�
0�6F� ��JUL��� 7KHVLV�� 0DKDWPD� 3KXOH� .ULVKL�
9LG�DSHHWK��5DKXUL��'LVW���KPHGQDJDU��0��6���,QGLD��

��� 3DQKDONDU�� 6�� 6�� ������ 5DL�� �D�HU� KDUYHV�L�J�
D�G� �D�HUVKHG� PD�DJHPH��� L�� ��GKJD�JD� EDVL��
��DKDUDVK�UD��� 3K�� '� 7KHVLV� VXEPLWWHG� WR� 6KLYDML�
8QLYHUVLW���.ROKDSXU�0DKDUDVKWUD��,QGLD�

��� 3LSHU��&��6����������RLO�D�G�SOD���D�DO�VLV���FDGHPLF�
SUHVV��1HZ�<RUN�


